The study was aimed at the transformation of arsenic compounds in the rhizosphere, its accumulation in plants, P and Si translocation to plants under the influence of Bacillus megaterium var. phosphaticum, and Bacillus mucilaginosus with various forms of As compounds in the soil. The authors describe the maximum effect of Bacillus megaterium var. Phosphaticum strain on As migration, its mobilization and immobilization in the rhizosphere due to arsenic leaching from mineral and difficult-todestroy compounds and its accumulation in plants. The forms of arsenic compounds were isolated from the rhizosphere based on sequential extraction procedures. The features of the inter-element As-P interaction in plants were established. With the intense accumulation of As in the rhizosphere inoculated with rhizobacteria, the intake of phosphorus into plants was not observed, as contrary to Si. The study of As and biogenic elements behavior under the influence of rhizobacteria is of great importance in the development of ecobiotechnologies related to soil remediation and crop production.
Introduction
Recently, the role of Plant Growth Promoting Rhizobacteria (PGPR) [1] [2] [3] and their contribution to the development of environmentally friendly crop production has been increasingly addressed. Yet, the interrelation of plants, soil and rhizobacteria remains an insufficiently studied biogeochemical sector. Rhizobacteria can play a significant role to stimulate the transformation of chemical compounds and their migration in a soil-plant system. Many soil bacteria are known to be highly resistant to arsenic and heavy metals but the mechanisms and processes of their interaction are still poorly understood.
There is an opinion that rhizobacteria can transform heavy metal compounds into organometallic and other weakly mobile complexes that are adsorbed by bacteria and concentrated on the surface of plant roots [4] . Rhizobacteria can initiate the intake of biogenic elements into plants. It is known that some bacteria are able to adsorb trace minerals on the surface and accumulate them inside the cells [5] . In their early research, the authors addressed the ability of a complex biological preparation based on Azotobacter and Bacillus rhizobacteria to influence the phase state and migration of arsenic in the soil-plant system [6] .
The present study was aimed at the mechanisms of As behavior in the soil --plant -rhizobacteria system and the inter-element relation of arsenic and phosphorus. The main objective of the study was to analyze the effect of Bacillus megaterium var.
phosphaticum strains and Bacillus mucilaginosus on the change in the speciation of As in soil and its accumulation in plants.
Methods and Materials
A simulation experiment to study the distribution of chemical elements in the soil-plant system under the influence of rhizobacteria was carried out in a phytotron chamber. Each soil from the two sites was divided into a control soil (without bacteria) and a soil that was used for two experiments. Cereals were grown on one of them --oat 
Results and Discussion
Arsenic has a special significance for live organisms. It is reported as a very strong ecotoxicant and an essential chemical element for humans [8] . However, its biogeochemical value for plants is still poorly understood. The main human-induced source of environmental pollution with arsenic is pesticides and waste from mining and metallurgical enterprises. Much is known about the emission of As in the environment. However,
As migration habits in the soil --plant system under the influence of rhizobacteria are little addressed in plant production, which is explained by its high migration mobility
and diverse speciation of compounds in soil. Soil bacteria play an important role in arsenic migration [9] . This is confirmed by the research. Arsenic contained in an easily exchangeable fraction is most mobile and available to plants, whereas carbonate bound, organically bound, and Fe oxide bound As have a lower mobility. These compounds represent the closest reserve that can be mobilized when some properties of the soil change (moisture, pH, Eh). The fraction of easily reducible silicates is characterized by stronger As compounds bound on clay and silicate minerals.
The percentage distribution of As content relative to the amount of isolated fractions for the soil on which oats were grown, having a more developed root system among cereals, is shown in Fig. 1 . Arsenic is reported to have high mobility, since its easily exchangeable form can go up to 40 % off the amount of all fractions. The potentially mobile forms of arsenic (carbonate and organic) are also characterized by a high percentage. In the control soil (without bacteria), there is an increased mobilization of arsenic at site 1, which has agricultural significance, relative to technogenic site 2.
The speciation of Arsenic in the soil of site 2 is partly mineral in a form of arsenopyrite and other secondary mineral compounds; therefore, it is poorly mobile. This is evident in the control soil ( Fig. 1) . When inoculating the soil of site 2 with B. megaterium var.
phosphaticum strain the minimum percentage of arsenic was distinguished in a solid residual fraction and a silicate fraction. There is a concurrent increase in its concentration with Fe oxides and more mobile fractions, as contrary to the control soil of site 2. This indicates an increase in migration habit of As under the influence of B. megaterium var.
phosphaticum that initiates the mobilization of mineral-bound arsenic in the rhizosphere (Fig. 1) .
This trend is also clearly visible in absolute concentrations of arsenic in the rhizospheric when growing A. sativa oats and T. Aestivm wheat ( Table 1) more actively affect the migration processes of As in the rhizosphere due to its leaching from mineral and difficult to destroy forms and its concentration in the rhizosphere. It is known that the leaching of chemical elements from minerals by microorganisms can run very fast, just within a few days. This is shown through phosphorites [10] .
In the plants grown on the soil with rhizobacteria, the mean concentration of As, relative to the control, increases ( Table 2 ). This is mainly due to the accumulation of arsenic in the roots of the plants. In the above-ground portion of the plants at agricultural site 1, the As content decreases or differs slightly from the control state. As concentration in the plants grown under the influence of B. megaterium var. phosphaticum rhizobacteria on site 2 is reported to be high ( Table 2) .
This rhizobacteria strain is capable of mobilizing phosphorus from the insoluble fraction in a plant-available form. In the present experiment, these bacteria did not initiate the accumulation of phosphorus in the plants ( Table 3 ). The content of P went down or slightly differed from the control state. However, rhizobacteria, particularly B. mucilaginosus strain, contributed to the translocation of Si into the plants. In some cases
As is known to be absorbed by bacteria instead of phosphorus [11] . Some authors believe that arsenic is able to participate even in the metabolic processes of the bacterial cell, due to the corresponding chemical properties of arsenic and phosphorus. A decrease in phosphorus in plants with a high concentration of arsenic can be associated with toxic stress and inter-element interaction between these elements. As a result, arsenic competes with phosphorus in plants.
All in all, arsenic can be a phosphorus antagonist. Inter-element interactions between these elements may also affect the metabolism in the plant itself. The conclusion is that the B. megaterium var. phosphaticum strain has a high resistance to high concentrations of arsenic and in this case, unlike silicon, scarcely affects the translocation of phosphorus to plants. 
Conclusion
Thus, the authors establish the effect of different rhizobacteria strains on the translocation of As, P, Si into plants. It is shown that B. megaterium var. phosphaticum has a high bioactivity with respect to As. This strain is able to change the mineral and bound arsenic compounds and initiate its transfer into mobile forms, well available to the root system of plants. The study of the biogeochemical activity of arsenic in the rhizosphere can also be of great practical importance, due to the possibility to use strains of living soil bacteria B. megaterium var. phosphaticum and B. mucilaginosus for soil remediation, plant growing and nanotechnology.
